A Gram-negative, facultatively anaerobic, non-motile, rod-shaped and orange-coloured bacterium, designated N62
In early 2016, the novel family Crocinitomicaceae was proposed by Munoz et al. [1] , including the genera Brumimicrobium, Crocinitomix [2] , Fluviicola [3] , Lishizhenia [4] , Wandonia [5] and Salinirepens [6] . The genus Brumimicrobium was proposed for the classification of the species Brumimicrobium glaciale [2] . The genus Brumimicrobium comprised two recognized species: B. glaciale, isolated from the algal-rich Antarctic (or Southern) Ocean [2] , and Brumimicrobium mesophilum, isolated from tidal flat sediment at Yeongheung-do on the coast of the Yellow Sea, Korea [7] . Bacteria in the genus Brumimicrobium are Gram-negative, heterotrophic, facultatively anaerobic, orange-pigmented, oxidase-negative, catalase-positive and motile by gliding or non-motile. In this study, we report a novel species, designated N62
T , which was isolated from a marine sediment sample, as a member of the genus Brumimicrobium, for which the name Brumimicrobium aurantiacum sp. nov. is proposed.
Strain N62
T was isolated from a sediment sample collected from the coast of Weihai, PR China (36 54¢ 32.6¢¢ N 122 15¢ 16.2¢¢ E) by plating 1 : 10 serial dilutions of the sample on marine agar 2216 (MA; BD) and cultivation at 28 C for 4 days. After primary isolation and purification, the strain was cultivated at 28 C on MA and stored at À80 C in sterile 1 % (w/v) saline supplemented with 15 % (v/v) glycerol.
B. mesophilum JCM 14063
T and B.glaciale LMG 21434 T , purchased from the JCM (Japan Collection of Microorganisms) and the LMG (BCCM/LMG Bacteria Collection, Laboratorium voor Microbiologie, Ghent University, Belgium), respectively, were used as reference strains for physiological tests and chemotaxonomic comparisons (except for the polar lipids analysis).
Cell morphology was observed by light microscopy (Ci-L; Nikon), and Gram staining was performed as described by Smibert and Krieg [8] . Gliding motility was tested on marine broth 2216 (MB; BD) solidified with 0.3 % agar according to the methods of Bernardet et al. [9] . The temperature range for growth was investigated on MA at 4, 8, 15, 25, 28, 30, 33, 37, 42 and 45 C. The pH range for growth was tested in MB at pH 5.5-9.5 (at intervals of 0.5 pH units), supplemented with 20 mM MES (pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES (pH 7.5 and 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0 and 9.5) buffers (Sangon). The effect of NaCl on the growth of the species was tested using a medium comprising 1 (20, 40 , 60 and 80) and nitrate reduction were examined using MA according to methods described by Dong and Cai [10] . Catalase activity was determined by adding 3 % (v/v) H 2 O 2 solution to bacterial colonies. Oxidase activity was detected using the bioM erieux oxidase reagent kit according to the manufacturer's instructions. Because strain N62
T showed poor growth on Iso-Sensitest and MuellerHinton agars, susceptibility to antibiotics was investigated using antibiotic-impregnated discs (Binhe) on MA according to the disc diffusion method described by Du et al. [11] and procedures outlined by the Clinical and Laboratory Standards Institute (CLSI) [12] . Physiological and biochemical characteristics were tested using API 20E, API ZYM and API 50CHB fermentation kits (bioM erieux) and GEN III microPlates (Biolog) according to the manufacturers' instructions, with all tests performed in a suspension medium supplemented with 3 % (w/v) NaCl (final concentration).
Cells cultured in MB at 28
C for 2 days (end of the lateexponential phase) were used to analyse the cellular fatty acids, respiratory quinones and polar lipid composition, with the exception that fatty acids of B. glaciale LMG 21434
T were determined by cells cultured at 20 C for 2 days. The cellular fatty acids of strain N62
T were analysed according to the methods of the Microbial Identification System (Microbial ID). Respiratory quinones were extracted and purified according to the methods of Minnikin et al. [13] and analysed by HPLC [14] . Polar lipids were analysed by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Genomic DNA was extracted and purified using a genomic DNA extraction kit (TaKaRa) following the manufacturer's protocol. The G+C content of genomic DNA was determined by HPLC [15] , with lDNA (Takara) used as a standard.
The 16S rRNA of this strain was amplified by PCR using the bacterial primers 27F and 1492R. The purified PCR product was ligated into the pGM-T vector (Tiangen) and cloned as described by Xia et al. [16] . Sequencing reactions were performed by Shanghai Sunny Biotechnology. The nearly complete 16S rRNA gene sequence (1448 bp) was submitted to the GenBank database to search for similar sequences using the BLAST algorithm. The EzTaxon server (http://www.ezbiocloud.net/) [17] was also used to assess the similarity of sequences. Multiple alignments of the sequences were determined using CLUSTAL_X (version 1.81) [18] , and alignments were edited manually in BioEdit version 7.0 [19] . The phylogenetic tree of strain N62
T and several closely related species based on 16S rRNA gene sequence similarities was reconstructed using the neighbour-joining [20] method implemented in MEGA version 7 [21] . The maximum-likelihood [22] and maximum-parsimony [23] methods were also used to reconstruct phylogenetic trees to verify the taxonomic position of the novel isolate. The distances within the trees were evaluated by Kimura's two-parameter model [24] . Bootstrap values were evaluated based on 1000 replicates in each of three methods.
In the neighbour-joining phylogenetic tree ( Fig. 1 T . The tree was reconstructed using the neighbour-joining algorithm. Bootstrap values (based on 1000 replications) are shown at branch points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximumparsimony algorithms. Chryseobacterium joostei Ix 5a
T was used as an outgroup. Bar, 0.020 substitutions per nucleotide position.
species of the genus Brumimicrobium was also observed in trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Figs S1 and S2, available in the online Supplementary Material). The 16S rRNA gene sequence similarity values between the strain N62 T and its closest relatives, B. mesophilum JCM 14063 T and B. glaciale LMG 21434 T , were 97.2 and 95.8 %, respectively. The phylogenetic tree clearly suggested that strain N62
T was a novel species of the genus Brumimicrobium.
Colonies of strain N62
T were circular with smooth, entire edges and orange in colour. Cells were rod-shaped and nonmotile. Growth occurred at 4-40 C (optimally at 28-30 C), pH 5.5-9.0 (optimally at pH 7.0-7.5) and with 0.5-13.0 % (w/v) NaCl (optimum 2.0-3.0 %). The strain was susceptible to (µg per disc) erythromycin (15), penicillin (10), chloramphenicol (30), rifampicin (5), lincomycin (2), ceftriaxone (30), acetylspiramycin (30), ampicillin (10), cefotaxime sodium (30) and clindamycin (30). It was resistant to tobramycin (10), tetracycline (30), norfloxacin (10), neomycin (30), gentamycin (10), sulfamethoxydiazine (10), ofloxacin (5), kanamycin (30) and streptomycin (10) . Strain N62 T was found to contain phosphatidylethanolamine, two unidentified aminolipids (AL1 and 2), an unidentified glycolipid and three unidentified lipids (L1-3) as the major polar lipids. Another two aminolipids (AL3 and 4) were moderate and minor components (Fig. S3) . Strain N62
T and the members of genus Brumimicrobium all contained phosphatidylethanolamine, the unidentified glycolipid and one of the unidentified aminolipids (AL1) as the major polar lipids [7] . The major respiratory quinone of strain N62
T was MK-6, which is consistent with that of the members of the genus Brumimicrobium. The predominant cellular fatty acids (>5 % of the total) were iso-C 15 : 0 (51.5 %), iso-C 15 : 0 G (24.0 %) and iso-C 17 : 0 3-OH (6.3 %), which were similar to those of B. mesophilum JCM 14063 T and B. glaciale LMG 21434 T , although there were some differences in the proportions of these predominant fatty acids and minor fatty acids (Table S1 ). The genomic DNA G+C content of strain N62
T was 35.3 mol%, which fell into the 34.3-40.0 mol% range of the genus Brumimicrobium. The main physiological and biochemical characteristics of strain N62 T and related bacteria are presented in Table 1 .
Strain N62
T shared many phenotypic characteristics with members of the genus Brumimicrobium. All strains in this genus are Gram-negative, catalase-positive and oxidase-negative, form orange colonies on MA, contain the same major respiratory quinone and produce alkaline phosphatase and gelatinase. However, the novel isolate could be clearly distinguished from all recognized species of the genus Brumimicrobium by the growth temperature range (4-40 C for strain N62
T , 11-36 C for B. mesophilum JCM 14063 T and À2-25 C for B. glaciale LMG 21434 T ) and by the tolerance to NaCl (0.5-13.0 % for strain N62 T , 0.4-7.0 % for B. mesophilum JCM 14063 T and 0.5-8.0 % for B. glaciale LMG T . Data are from this study unless indicated otherwise. All strains were positive for the following characteristics: catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase and acid phosphatase activities; and hydrolysis of gelatin. All strains were negative for the following characteristics: oxidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and b-fucosidase activities; hydrolysis of agar; H 2 S production; and indole production. +, Positive; -, negative. Naphthol-AS-BI-phosphohydrolase + -- 
